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By the potassium effect we mean the P.D. observed in leading off 
from a region of Nitella in contact with 0.01  x~ KC1 to one in contact 
with 0,01 ~  NaCI.  This may amount to 80 inv. or more (potassium 
being negative in the external circuit). 
This disappears when the cells are exposed to distilled water.  I  This 
has been explained by saying that distilled water removes from the 
protoplasmic surface a  substance,  * R, which is produced in the  cell 
and which moves into the surface.  It is dissolved out of the surface 
by distilled water and in consequence the surface ceases to distinguish 
between sodium and potassium so that the potassium effect is lost. 
We have performed experiments which indicate that R moves into 
the surface during the flow of the action current.  The nature of the 
experiments  3 may be illustrated by a  typical example.  Single cells 
were prepared by cutting away the neighboring cells  and were kept 
for several days in a  nutrient solution (Solution A 0  and then trans- 
ferred to distilled water.  A  cell which had been kept for 2 days in 
distilled water was arranged as in Fig. 1 (F was killed by chloroform 
before the start of the record to give monophasic recording).  The 
10sterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1933-34, 17, 87, 99, 105. 
For convenience  we speak of a single  substance although it is highly probable 
that more than one substance is involved. 
Unless otherwise stated  the  technique  is  that  of  previous papers.  Cf. 
Osterhout, W. J. V., and Harris, E. S., J. Gen. Physiol., 1927-28, ~.1~ 391; Oster- 
hout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1929-30, 13, 547; 1930-31, 14, 
385, 473; 1933-34, 17~ 87; Blinks, L. R., J. Gen. Physiol.,  1929-30, 13, 361.  The 
experiments were performed on Nitella flexills,  Ag. at a temperature of about 
22°C. 
4  For the composition of this solution see Osterhout, W. J.  V., and Hill, S. 
E., J. Gen. Physiol., 1933-34, 17~ 87. 
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record of C  (upper curve)  and D  (lower curve)  is  shown in  Fig.  2 
(E was not recorded).  At the start all contacts were 0.01 H NaC1. 
By means of a  flowing contact  5 0.01  M KC1 was  substituted for 
0.01  ~ NaC1 at D at the point marked 1 on the record.  This produced 
no effect.  An electrical stimulus (500  my. D.C., giving an outgoing 
current at B) was then applied (at the point marked 2) and produced 
an action current at C followed by one at D.  Since D recovered it is 
evident that the potassium effect had not been restored by the action 
current:  in other words it behaved as though it were in contact with 
NaC1.  Two subsequent stimulations (at 3 and 4) had no effect. 
The  next  stimulation  (at  5)  produced  very  interesting  results. 
There was an action current with recovery at C (which was in contact 
(  5in  e o lJ ot  .......  ID 
1-- 2 cm:-I--Z  cm.--1~2cm.--F--2cm.--~2  cm.~ 
FIG. 1.  Arrangement  for testing Nitella cells.  GGG represent string galvanome- 
ters with vacuum tube amplifiers, arranged essentially as short period electro- 
static voltmeters.  For details see Osterhout, W. J. V., and Hill, S. E., J. Gen. 
Physiol., 1933-34, 17, 87.  Absorbent cotton, moistened  with the contact solution, 
connected A, 13, and F to saturated calomel electrodes; contacts C and D were 
flowing contacts (of. Osterhout, W. I. V., and Harris, E.  S.,  J.  Gen. Physiol., 
1927-28, 11, 391).  Between  contacts the cell was surrounded by moist air. 
with 0.01 ~  NaC1) but at D, which was in contact with 0.01 ~  KC1, 
there was no recovery.  We interpret this to mean that  sufficient R 
was carried into the surface by the action current (helped, perhaps, by 
the preceding action current) to restore the potassium effect.  When 
this is present 0.01 ~  KC1 usually reduces the F.D. to a low value, as is 
evident here where the P.D. falls 100 inv. 
Since C had also been subjected to action currents it was of interest 
to see whether it had also acquired the potassium effect.  On applying 
0.01  ~  KC1 to C, at the point marked 6, no potassium effect was se- 
cured, but when stimulated (at 7) a potassium effect appeared. 
50sterhout, W. J. V., and Harris, E. S., J. Gen. Physiol., 1927-28, 11,391. W.  J.  V.  OSTERHOUT  AND  S.  E.  HILL  683 
It is evident that as the result of  the action currents  at C  and D 
the  potassium  effect was  restored  at  both  places.  This  effect  can 
persist  for some time  as  is  evident from the  record.  When  0.01 
NaC1 was applied to C  and D  (at 8)  the p.I).  returned to about the 
same point as at the start  (about 89 my. positive for C and 100 my. 
for D).  Then 0.01 ~  KC1 applied at D  (9)  and at C  (10) produced a 
potassium effect ;~ the application of 0.01 M NaC1 restored the positive 
•.D.  at both places, showing that they were not injured. 
In other experiments it was found that after one or more  action 
currents  at a  spot in contact with 0.01 ~  NaCI the potassium effect 
had been  restored.  This was shown by substituting 0.01 M KC1 for 
0.01  M NaCI:  this produced a  potassium  effect at once  (i.e.  it  was 
not necessary to  stimulate  again  electrically  after  the  application 
of 0.01  ~  KC1). 
Such experiments  have  been  performed in  a  variety of ways but 
always with the same general result.  If the cells have been too long 
in distilled water they lose their irritability as well as the potassium 
effect and cannot be used for such experiments.  Similar results have 
been obtained with cells leached in 0.0001  ~  HC1 and 0.001 M NaOHJ 
It frequently happens that the first action current restores the po- 
tassium  effect.  This  finds a  parallel  in  the  experiments  of  Blinks s 
on  Chara  which he  explains  as  the  result  of  changes  in pH.  Such 
changes may, of course, play a r61e in Nitella 9 but to what extent must 
be left to future investigation to  decide. 
DISCUSSION 
During the outward flow of the action current  cations move from 
the sap and protoplasm into the outer protoplasmic surface and the 
fact that R  does likewise might be thought to indicate that it is an 
organic  cation.  This  idea  suggested  a  trial  of  NH~,  NH4 +,  and 
6 The response is delayed somewhat as often happens with the potassium effect. 
Osterhout, W. J. V., and Hill, S. E., J. Gen. Physiol., 1933-34, 17, 99. 
s Blinks, L. R., Proc. Soc. Exp. Biol. and Med., 1932-33, 30, 756. 
9 For example, if R bears a positive electric charge and so moves outward during 
the action current a change in pH may affect the number of such cations, espe- 
cially if R is an ampholyte. ¢.q 
684 W.  J.  V.  OSTERHOUT  AND  S.  E.  HILL  685 
tetraethyl  ammonium ion,  all of which proved  capable  of  restoring 
the potassium effect.  10 
It must be remembered, however, that the action current is probably 
accompanied  by  a  breakdown  of  the  inner  protoplasmic  surface  n 
which might permit the outward passage of R  even though it bore no 
electrical charge.  This question must be left to future investigation. 
The experiments are of considerable interest as indicating that  ac- 
tion  currents  may have after-effects which  can be detected  only by 
special means, e.g. in the presence of potassium but not in the presence 
of sodium.  For if in the experiments described above only sodium had 
been present the changes would not have been perceived. 
This suggests that the after-effects of action currents may be impor- 
tant  in  other  cases,  e.g.  in  "warming  up"  in  athletic  contests  or  in 
FIo. 2.  Photographic record (of a cell arranged as in Fig.  1 with E  omitted) 
showing  the P.D. at  C  (upper curve)  and D  (lower  curve).  The record starts 
with 0.01 ~  NaC1 at C and D  (before the start of the record F  was treated with 
chloroform, reducing its P.D. to a low and approximately constant value). 
At the point marked 1 on the record, 0.01 ~r KCI was substituted for 0.01 
NaCI at D.  This produced no change (i.e.  no potassium effect): at 2, electric 
stimulation at B produced  action currents  at  C  and D;  C  recovered  (because 
it was in contact with 0.01 ~  NaC1), and D  also showed recovery, although in 
contact with 0.01 ~t KC1, because the potassium effect was not restored by the 
action current.  Stimulation at 3 and 4 had no effect but at 5 it produced an action 
current at C and D:  C recovered because it was in contact with 0.01 ~ NaC1, but 
there was no recovery at D  (which was in contact with 0.01 ~  KC1) because the 
potassium effect was restored and in consequence  the P.D. became 102 my. more 
negative.  (The action current goes above zero on account of some positivity 
at F.) 
The application of 0.01 u KC1 to C (at 6) had no effect but electrical stimulation 
at 7 produced an action current which restored the potassium effect at C (making 
the P.D. 100 my. more negative).  At 8, application of 0.01 ~  NaC1 restored the 
positive P.D. at C and D and application of 0.01 ~ KC1 at D (9) and at C (10) pro- 
duced a potassium effect.  Then 0.01 ~  NaC1 was applied (11) at both places, 
restoring the positive P.D. and showing that no injury had occurred. 
The vertical lines are 5 seconds apart.  Temperature about 22°C. 
~0 These results will  be described in subsequent  papers.  Cf.  Osterhout,  W. 
J. V., and Hill, S. E., Proc. Soc. Exp. Biol. and Med., 1934-35, 39., 715. 
11 Osterhout, W. J. V., J. Gen. Physiol., 1934--35, 18, 215. 686  RESTORATION  OF POTASSIUM  EFFECT 
memorizing lists of words, where there is a gradual improvement in 
the efficiency  of the performance. 
When the potassium effect has not been restored we should expect 
an action curve with a  single  peak.  This is actually observed. 
SUMMARY 
Treatment with distilled water removes from Nitella the ability to 
give  the  large potential  difference between 0.01 M KCI and  0.01 M 
NaC1 which is known as the potassium effect.  The potassium effect 
may be restored by action currents.  This might be explained by say- 
ing that  distilled  water removes from the  surface a  substance, R, 
which is responsible  for the potassium  effect and which moves into 
the surface during the action current and thereby restores the potas- 
sium effect. 